The recently reported growth-promoting ability of 3-methyleneoxindole was examined in order to test the hypothesis that indole-3-acetic acid acts as a growth promoter only after oxidative conversion to 3-methyleneoxindole. Methyleneoxindole was synthesized from indole-3-acetic acid and N-bromosuccinimide, and its identity was confirmed by ultraviolet absorption, infrared absorption, mass spectrometry, and melting point. Methyleneoxindole was found to lack growth-promoting activity in coleoptile and pea (Pisum sativum) stem segments. Chlorogenic acid, an inhibitor of the oxidation of indole-3-acetic acid, was found to have no inhibitory effect on growth promotion by indole-3-acetic acid. It is concluded that 3-methyleneoxindole is inactive as a growth promoter and therefore does not mediate the action of auxin on cell elongation. For efforts to determine the mechanism of action of auxin in the promotion of cell elongation, such as recent attempts to study the binding of labeled auxins to receptor sites (9), it is I
It has been suggested that a product of IAA oxidation in higher plants, 3 -methyleneoxindole, may be the active principle in the promotion of cell elongation by IAA (13) . It has been shown that 3-MO' is formed during the oxidation of IAA by higher plant oxidase systems (12) as well as in vivo (8) . It was claimed by Tuli and Moyed (18) that 3-MO induces elongation of pea stem sections to an extent comparable to the effect of IAA. Furthermore, it was reported (18) that chlorogenic acid, which inhibits oxidation of IAA to 3-MO, prevents the elongation response of pea stem segments to IAA but not the response induced by 3-MO itself. More recently, Basu and Tuli (4) have made the claim that 3-MO is more effective than IAA in stimulating the growth of coleoptile tissue. These are the key pieces of evidence in favor of the hypothesis that IAA acts on elongation by virtue of being converted in vivo to 3-MO (13) .
For efforts to determine the mechanism of action of auxin in the promotion of cell elongation, such as recent attempts to study the binding of labeled auxins to receptor sites (9) 'Abbreviation: 3-MO: 3-methyleneoxindole.
vital to know whether the auxin-promoted growth is in fact caused by 3-MO rather than by IAA and analogous auxins.
We have therefore synthesized 3-methyleneoxindole and tested its growth-promoting activity, as well as the reported effect of chlorogenic acid noted above. Our results indicate that this product of IAA oxidation is inactive as a growth promoter.
MATERIALS AND METHODS
Plant Material. Alaska peas (Pisum sativum) were grown 7 days at 25 C in vermiculite in the dark with occasional exposure to red light and were cut and handled under dim red light, excepting one lot that was exposed only to dim green (546 nm) light during growth and handling. Segments 8 mm long were cut from the third internode beginning 3 mm below the top of the apical hook and used for elongation experiments by placing them in a Petri dish in a volume of growth medium sufficient to nearly cover but not submerge them. Growth medium was 20 mm K phosphate, pH 6.5, containing growth regulators as indicated.
For those experiments in which coleoptile segments were used, the oats (Avena sativa L. var. Victory) were grown as described in reference 6 and the corn (Zea mays L. var. Golden Bantam) was grown as described in reference 5. Elongation was measured by placing lots of 10 segments end to end in a plastic trough mounted over a millimeter scale and determining the aggregate length of each lot of segments. In addition to long term, aggregate length measurements on etiolated pea stem segments, high resolution growth-recording experiments were done on segments from etiolated pea stems and on segments from etiolated oat and corn coleoptiles using the techniques described in references 3 and 6.
Chemicals and Radioactive Compounds. Indole-3-acetic acid was obtained from J. T. Baker Chemical Co., and N-bromosuccinimide was purchased from Fisher Scientific Co. Chlorogenic acid was obtained from Aldrich Chemical Co., Milwaukee. IAA-5-'H (specific radioactivity 17 c/mM) was purchased from Schwartz-Mann, Orangeburg, New York.
Synthesis of 3-MO and 'H1-3-MO. 3-MO was synthesized from IAA and N-bromosuccinimide according to the method of Hinman and Bauman (10, 11) . Smaller amounts of 3-methyleneoxindole-5-'H were synthesized using the same method on a smaller scale with tritiated IAA as reactant. In the final step of the synthesis described by Hinman and Bauman, 3-MO is in solution in chloroform. In order to minimize the possibility of contamination of 3-MO with the reactant, IAA, we partitioned the chloroform solution of 3-MO twice with 3 mM INACrIVITY OF 3-METHYLENEOXINDOLE phosphate buffer, pH 7.4. Parallel experiments with tritiated IAA showed that this dual partitioning removes 99% of the labeled IAA from the chloroform phase. The chloroform phase was then evaporated in vacuo, leaving a yellow solid which was further dried under vacuum and used in the growth and uptake experiments.
Uptake Measurements. The time course of uptake of labeled 3-MO was determined in segments of pea stem and corn coleoptile tissue. Segments 8 mm long were cut and randomized in 3 mm phosphate buffer, pH 6.8, for 30 min. Groups of 10 segments in individual wire baskets were then immersed in 10 ml of 0.01 mm 3-MO containing 4 X 10' cpm tritiated 3-MO. At the appropriate time, the segments were removed from the solution, rinsed with distilled water, placed immediately into 5 ml of 10% ethanol, and frozen. After thawing, the segments were allowed to stand for 2 days in the ethanol solution at 3 C. These ethanol extracts were then evaporated to 1 ml in scintillation vials and 10 ml of Aquasol scintillation fluid (New England Nuclear) was added for determination of radioactivity in a Beckman LS 230 liquid scintillation counter.
RESULTS AND DISCUSSION Identification of Synthetic 3-MO. The bright yellow crystals obtained by the procedure indicated in "Materials and Methods" were identified as 3-MO on the basis of UV absorption, infrared absorption, mass spectrometry, and melting point. Figure 1 shows the UV absorption spectrum of the product in ethanol with peaks at 247 nm and 253 nm and a shoulder at 289 nm, as reported for 3-MO by Hinman and Bauman (11) . The absorption spectrum agrees closely with that given for aqueous 3-MO by Hinman et al. (12) . The infrared absorption spectrum obtained for the product exhibited peaks at 3.13 and 5.8 microns, also in agreement with the values for 3-MO reported by Hinman and Bauman (11) . Figure 2 shows the results of mass spectral analysis of the product. The spectrum, with peaks at m/e 145, 117, and 90 is consistent with the structure of 3-MO and shows no evidence of contamination by IAA. In Figure 3 show the effect of 3-MO and IAA on elongation of pea stem segments over the range of concentrations reported by Tuli and Moyed (18) to stimulate elongation. 3-MO had no effect on elongation. This was so whether elongation measurements were made at 4, 8, or 16 hr after the beginning of treatment with 3-MO, whereas IAA induced the typical elongation response throughout this period.
Because the peas used in the experiments of Figure 3 were exposed to red light during handling, whereas Tuli and Moyed (18) stated that they used peas grown in the dark and exposed to green light, the concentration series experiment with 3-MO and IAA was repeated using peas grown in darkness and cut and handled under dim green (546 nm) light only. The results were essentially identical to the data given as circles in Figure Plant Physiol. Vol. 52, 1973 genic acid, at the concentration stated to be used by Tuli and Moyed (18) Short term, high resolution tests capable of detecting slight increases in the rate of cell elongation were also conducted using 3-MO. The 3-MO was found to lack growth-promoting activity in these tests on etiolated pea stem segments, as well as in tests on segments from etiolated corn coleoptile segments (Fig. 4) . Similar results were obtained using oat coleoptile segments. The failure of 3-MO to promote cell elongation in pea stem or corn coleoptile tissue is not due simply to failure of 3-MO to enter the tissue as shown by the uptake data of Figure 5 . The time course of uptake of 3-MO by these tissues is very similar to the time course of uptake of labeled IAA by these and similar tissues (14, 15) . Basu and Tuli (4) have suggested that the lack of growthpromoting activity of 3-MO in some of their experiments with coleoptile tissue might be attributed to the inhibitory action of bromide ion formed during the synthesis of 3-MO. This suggestion does not apply in our experiments, however, since the dual aqueous buffer-chloroform partitioning included during our synthesis of 3-MO would remove essentially all of the bromide ion from the product. Furthermore, Table I shows that potassium bromide in concentrations equivalent to the concentrations of 3-MO reported to give optimal promotion of elongation in coleoptile tissue (4), has no inhibitory effect on elongation in response to IAA. Similarly, 3-MO in concentrations from 10-' M to 10-5 M which failed to promote elongation in coleoptile tissue also failed to inhibit elongation when given with IAA, whether in long term experiments as in Table I Tuli and Moyed (18), we conclude that the growth-promoting activity of IAA is not the result of its oxidation to 3-MO.
